There are few clinical data on the combination abacavir/lamivudine plus raltegravir. We compared the outcomes of patients from the SPIRAL trial receiving either abacavir/lamivudine or tenofovir/emtricitabine at baseline who had taken at least one dose of either raltegravir or ritonavir-boosted protease inhibitors. For the purpose of this analysis, treatment failure was defined as virological failure (confirmed HIV-1 RNA ‡ 50 copies/ ml) or discontinuation of abacavir/lamivudine or tenofovir/emtricitabine because of adverse events, consent withdrawal, or lost to follow-up. There were 143 (72.59%) patients with tenofovir/emtricitabine and 54 (27.41%) with abacavir/lamivudine. In the raltegravir group, there were three (11.11%) treatment failures with abacavir/ lamivudine and eight (10.96%) with tenofovir/emtricitabine (estimated difference 0.15%; 95% CI -17.90 to 11.6). In the ritonavir-boosted protease inhibitor group, there were four (14.81%) treatment failures with abacavir/ lamivudine and 12 (17.14%) with tenofovir/emtricitabine (estimated difference -2.33%; 95% CI -16.10 to 16.70). Triglycerides decreased and HDL cholesterol increased through the study more pronouncedly with abacavir/lamivudine than with tenofovir/emtricitabine and differences in the total-to-HDL cholesterol ratio between both combinations of nucleoside reverse transcriptase inhibitors (NRTIs) tended to be higher in the raltegravir group, although differences at 48 weeks were not significant. While no patient discontinued abacavir/lamivudine due to adverse events, four (2.80%) patients (all in the ritonavir-boosted protease inhibitor group) discontinued tenofovir/emtricitabine because of adverse events ( p = 0.2744). The results of this analysis do not suggest that outcomes of abacavir/lamivudine are worse than those of tenofovir/emtricitabine when combined with raltegravir in virologically suppressed HIV-infected adults.
Introduction
T he efficacy of antiretroviral therapy has been improving over time allowing an increasing proportion of HIV-infected patients to achieve sustained suppression of viral replication in plasma. However, a considerable proportion of patients may still need to have their otherwise successful antiviral therapy changed because of comorbidities, drug-drug interactions, or other safety or convenience reasons.
1,2 Regimens preferentially recommended in major guidelines at present include a combination of two nucleoside reverse transcriptase inhibitors (NRTIs) plus a third drug consisting of a nonnucleoside reverse transcriptase inhibitor (NNRTI), a ritonavir-boosted protease inhibitor (PI), or an integrase inhibitor. [3] [4] [5] [6] These recommendations are based on major randomized clinical trials in antiretroviral-naive patients, but not all currently used drugs have been similarly tested in settings other than antiretroviral-naive patients or when tested have not shown the same level of evidence. Evidence-based guidance for the use of alternative drugs when considering changing a virologically successful antiretroviral regimen is often scarce.
Abacavir/lamivudine is a currently used fixed-dose combination of NRTIs, but data available with new drugs such as raltegravir are more limited than that of tenofovir/ emtricitabine and in both cases are limited to antiretroviralnaive patients. Because abacavir/lamivudine and tenofovir/ emtricitabine may have a different impact on comorbitities, choosing between them could be helpful to customize the optimal therapy. Ritonavir-boosted PIs are recommended agents for both antiretroviral-naive and antiretroviralexperienced patients because of their potency and high barrier to resistance, [3] [4] [5] [6] but they may increase plasma lipids, have the potential for clinically meaningful drug-drug interactions, and have been associated with an increased risk for cardiovascular disease. [7] [8] [9] [10] In HIV-infected adults with sustained virological suppression on ritonavir-boosted PIs, the SPIRAL study demonstrated that switching from ritonavir-boosted PIs to raltegravir did not result in less efficacy and did result in a better lipid profile at 48 weeks than continuing the ritonavirboosted PI component.
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Although abacavir/lamivudine could be used like tenofovir/emtricitabine in combination with raltegravir in virologically suppressed HIV-infected patients, there are no data comparing the two combinations of NRTIs in this setting. To gather further insight on the abacavir/lamivudine plus raltegravir regimen in virologically suppressed treatmentexperienced patients, we compared the efficacy and safety of abacavir/lamivudine to that of tenofovir/emtricitabine when each was combined with either raltegravir or ritonavirboosted PIs in the SPIRAL trial.
Materials and Methods
The SPIRAL study was a 48-week, multicenter, open-label, randomized trial in which HIV-infected adults with < 50 copies/ml of plasma HIV RNA for at least the previous 6 months on ritonavir-boosted PI-based therapy were randomized (1:1) to switch from the ritonavir-boosted PI to raltegravir or to continue on ritonavir-boosted PI-based therapy. The protocol was approved by the Ethics Committee at each center and by the Spanish Medicines Evaluation Agency. Written informed consent was obtained from all eligible patients before randomization. The SPIRAL trial is registered with ClinicalTrials.gov number NCT00528892. This analysis was planned after the parent study had been finished because abacavir/lamivudine and tenofovir/emtricitabine were the combinations of NRTIs most commonly used in the SPIRAL study and because of the paucity of data on the combination of abacavir/lamivudine plus raltegravir. For the purpose of this analysis, eligible patients were those who were receiving either abacavir/lamivudine or tenofovir/emtricitabine at baseline and who received at least one dose of either raltegravir or ritonavir-boosted PI. Patients were already taking the combinations of abacavir/lamivudine or tenofovir/ emtricitabine when they were included in the SPIRAL study, and for this reason all of them were able to tolerate them. As the analysis did not ensure the homogeneity of the baseline characteristics between groups, comparisons in outcomes between groups were adjusted for differences in baseline characteristics.
Treatment failure was considered in all patients who had virological failure or discontinued abacavir/lamivudine or tenofovir/emtricitabine because of adverse events, consent withdrawal, or lost to follow-up. Virological failure was defined by a confirmed plasma HIV-1 RNA ‡ 50 copies/ml during treatment, whereas patients who withdrew consent, were lost, or switched or stopped abacavir/lamivudine or tenofovir/emtricitabine were censored. A sensitivity analysis for efficacy endpoints was done including all randomized patients. Fisher's exact test was used to compare proportions between treatment groups. The Mann-Whitney U-test was used for comparisons of continuous variables between groups. For testing overall differences of abacavir/lamivudine relative to tenofovir/emtricitabine and stratified by raltegravir and ritonavir-boosted PI use, 95% confidence intervals for the treatment difference were calculated by Newcombe's method. 12 Simple comparisons were made with use of a two-sided alpha level of 0.05. Statistical analyses were performed with the use of SAS version 9.1.3 (SAS Institute, Cary, NC). The sponsors of the SPIRAL trial had no role in the study design, data collection, analysis, interpretation, or writing of this report. Esteban Martínez, Judit Pich, and Ignacio Perez had full access to all the data and had the final responsibility for the decision to submit this report for publication.
Results

Baseline characteristics
Of the 273 patients included in the SPIRAL study, 197 (72.16%) were included in this analysis. There were 143 (72.59%) patients treated with tenofovir/emtricitabine and 54 (27.41%) with abacavir/lamivudine. Tenofovir/emtricitabine and abacavir/lamivudine accounted for 76.56% of the combinations of NRTIs used in the SPIRAL study. In the overall population, patients taking abacavir/lamivudine were older, had a lower prevalence of previous virological failure, and had higher plasma levels of triglycerides, total and HDL cholesterol than patients taking tenofovir/emtricitabine (Table 1A) . Baseline characteristics in the raltegravir and ritonavir-boosted PI groups are shown in Table 1B . In the population assigned to raltegravir (Table 1B) , patients taking abacavir/lamivudine were significantly older and a higher proportion had suffered previous virological failure than those taking tenofovir/emtricitabine.
Efficacy
There were no deaths or new AIDS-defining events. In the overall population, there were 7/54 (12.96%) treatment failures in the abacavir/lamivudine group (three virological failures and four abacavir/lamivudine discontinuations) and 20/143 (14%) in the tenofovir/emtricitabine group (seven virological failures and 13 tenofovir/emtricitabine discontinuations) (estimated difference -1.02%; 95% confidence interval -10.30 to 11.40). In the raltegravir group, there were 3/27 (11.11%) treatment failures in the abacavir/lamivudine group and 8/73 (10.96%) in the tenofovir/emtricitabine group (estimated difference 0.15%; 95% confidence interval -17.90 to 11.6). In the ritonavir-boosted PI group, there were 4/27 (14.81%) treatment failures in the abacavir/lamivudine group and 12/70 (17.14%) in the tenofovir/emtricitabine group (estimated difference -2.33%; 95% confidence interval -16.10 to 16.70). Additional efficacy analyses according to prior virological failure or suboptimal therapy and a sensitivity analysis including all randomized patients did not significantly affect the overall results (data not shown).
In the overall population, there were 3/54 (5.56%) virological failures in the abacavir/lamivudine group and 7/143 (4.90%) in the tenofovir/emtricitabine group (estimated difference 0.66%; 95% confidence interval -10.50 to 5.40). In the raltegravir group, there were 1/27 (3.70%) virological failures in the abacavir/lamivudine group and 3/73 (4.11%) in the tenofovir/emtricitabine group (estimated difference -0.41%; 95% confidence interval -8.30 to 14.4). In the ritonavirboosted PI group, there were 2/27 (7.41%) virological failures in the abacavir/lamivudine group and 4/70 (5.71%) in the 
Safety
At 48 weeks, changes in triglycerides (mean percent change, -17.65% vs. -18.12%, p = 0.4224), total cholesterol (mean percent change, -7.38% vs. -5.00%, p = 0.4874), LDL cholesterol (mean percent change, -12.22% vs. -5.33%, p = 0.5291), HDL cholesterol (mean percent change, + 0.72% vs. -2.56%, p = 5661), and total-to-HDL cholesterol ratio (mean percent change, -0.49 vs. -0.17, p = 0.1747) were not significantly different between the abacavir/lamivudine and tenofovir/emtricitabine groups, respectively. At 48 weeks, the proportion of patients showing triglycerides > 200 mg/dl (n = 12, 22.64% vs. n = 29, 21.01%, p = 0.8449), total cholesterol > 240 mg/dl (n = 8, 15.09% vs. n = 8, 5.80%, p = 0.0753), or LDL cholesterol > 160 mg/dl (n = 1, 1.89% vs. n = 4, 2.90%, p = 1) was not different between the abacavir/ lamivudine or tenofovir/emtricitabine groups, respectively. However, the proportion of patients showing HDL cholesterol < 40 mg/dl at 48 weeks was significantly lower with abacavir/lamivudine (n = 11, 20.75%) relative to that with tenofovir/emtricitabine (n = 63, 45.65%) ( p = 0.0016). Median changes in plasma lipids in patients receiving either abacavir/ lamivudine or tenofovir/emtricitabine in combination with raltegravir or ritonavir-boosted PI are shown in Fig. 1 . As expected, decreases in plasma lipids were higher in patients switching from ritonavir-boosted PIs to raltegravir than in those continuing on ritonavir-boosted PIs. Interestingly, decreases in triglycerides and increases in HDL cholesterol through the study tended to be more pronounced in patients receiving abacavir/lamivudine than in those receiving tenofovir/emtricitabine, and differences in the total-to-HDL cholesterol ratio between both combinations of NRTIs tended to be higher in the raltegravir group, although differences at 48 weeks were not significant in any case (Fig. 1) . Four (7.41%) patients treated with abacavir/lamivudine and seven (4.90%) patients treated with tenofovir/emtricitabine discontinued lipid-lowering therapies during the study ( p = 0.4972).
The overall incidence of adverse effects was similar in the abacavir/lamivudine (n = 33, 61.11%) and the tenofovir/emtricitabine (n = 82, 57.34%) groups ( p = 0.6335). Although no patient discontinued abacavir/lamivudine due to adverse events, four (2.80%) patients (all in the ritonavir-boosted PI group) discontinued tenofovir/emtricitabine because of kidney (progressive decrease in glomerular filtration rate, n = 3) or bone (progressive decrease in bone mineral density, n = 1) events ( p = 0.2744).
Discussion
This analysis of the SPIRAL trial suggests that abacavir/ lamivudine may display similar efficacy and be as well tolerated as tenofovir/emtricitabine when combined with raltegravir in virologically suppressed HIV-infected adults. Prior comparisons between both fixed-dose NRTI combinations in virologically suppressed HIV-infected adults have also shown similar results in the BICOMBO and STEAL trials, 13, 14 although in the BICOMBO trial there were more ABC/3TC VS. TDF/FTC PLUS RALTEGRAVIR OR PI/rdiscontinuations with abacavir/lamivudine due to hypersensitivity because patients had not been previously tested for HLA-B5701. In the SPIRAL study, patients taking abacavir/ lamivudine or tenofovir/emtricitabine had been taking these combinations for months or years and therefore they were already able to tolerate them. Approximately 40% of treatment failures in the abacavir/ lamivudine and tenofovir/emtricitabine groups in the SPIR-AL trial were due to virological failure. There are no available data on the use of raltegravir combined with tenofovir/ emtricitabine or abacavir/lamivudine in other than antiretroviral-naive patients. In combination with tenofovir/ emtricitabine, raltegravir (n = 281) demonstrated no inferiority when compared with efavirenz (n = 282) in the STARTMRK study (53% of the patients had HIV-1 RNA > 100,000 copies/ ml). The proportion of patients treated with tenofovir/ emtricitabine plus raltegravir showing HIV-1 RNA < 50 copies/ml was 86% at 48 weeks, 81% at 96 weeks, and 75% at 156 weeks. [15] [16] [17] Data with abacavir/lamivudine plus raltegravir are more limited. The SHIELD trial (34% of the patients had HIV-1 RNA > 100,000 copies/ml) was a prospective, observational study enrolling 35 antiretroviral-naive patients who initiated abacavir/lamivudine plus raltegravir. The proportion of patients showing HIV-1 RNA < 50 copies/ml was 91% at 48 weeks and 77% at 96 weeks. 18, 19 In accordance with other studies comparing abacavir/ lamivudine and tenofovir/emtricitabine, patients taking abacavir/lamivudine showed higher plasma lipids at baseline as compared to patients taking tenofovir/emtricitabine. 13, 14, [20] [21] [22] Although differences were not significant at 48 weeks, it may be of interest that through the study decreases in triglycerides, decreases in total-to-HDL cholesterol, and increases in HDL cholesterol tended to be higher when raltegravir (instead of ritonavir-boosted PIs) was combined with abacavir/lamivudine than with tenofovir/emtricitabine. This was also consistent with a significantly lower proportion of patients showing HDL cholesterol < 40 mg/dl at 48 weeks when treated with abacavir/lamivudine compared to tenofovir/emtricitabine, and a nonsignificant higher decrease in the total-to-HDL cholesterol ratio at 48 weeks in patients treated with abacavir/ lamivudine plus raltegravir relative to patients treated with tenofovir/emtricitabine plus raltegravir.
These data suggest that the improvement in plasma lipids expected when PIs are replaced by raltegravir in virologically suppressed HIV-infected patients should not be worse when the combination of NRTIs used is abacavir/lamivudine than when it is tenofovir/lamivudine. This finding was unexpected and the reason is not clear. Potential explanations might be that baseline lipids with abacavir/lamivudine were already higher that those with tenofovir/emtricitabine when combined with ritonavir-boosted protease inhibitors and/or that the lipid-lowering effect of discontinuing ritonavirboosted protease inhibitors may be greater with abacavir/ lamivudine than with tenofovir/emtricitabine. However, these results should be taken with caution because of the small sample size and the lack of significance at 48 weeks in most lipid changes. Nevertheless, because of the paucity of data concerning the combination of abacavir/lamivudine plus raltegravir and because the design of the SPIRAL study included only antiretroviral-experienced, virologically suppressed HIV-infected patients, it would make sense to accurately investigate the lipid profile in future studies assessing the effects of this antiretroviral combination in other patient settings.
There were no discontinuations of any combination of NRTIs due to adverse events when combined with raltegravir. In patients taking ritonavir-boosted PIs, four patients discontinued tenofovir/emtricitabine due to adverse events as compared to no patient discontinuing abacavir/lamivudine. Although this difference was not significant, the results are not unexpected due to the negative impact of protease inhibitors on tenofovir-related kidney or bone toxicity. 23, 24 The small sample size of the abacavir-lamivudine group is a limitation of the study. However, the only existing data on the combination abacavir/lamivudine plus raltegravir included 35 antiretroviral-naive patients, and thus the number of patients with this combination of interest was almost double in our study. The NRTI backbone was not the randomized component, although comparisons in outcomes were adjusted for baseline characteristics showing differences between groups. In addition, the analyses of efficacy outcomes may have been affected by the reduced power given to the relatively low frequency of the outcome measures. However, the study has also strengths as there are few data on the combination abacavir/lamivudine plus raltegravir and the data available are restricted to antiretroviral-naive patients.
In summary, this analysis of the SPIRAL trial does not suggest that outcomes of abacavir/lamivudine are worse than those of tenofovir/emtricitabine when combined with raltegravir in virologically suppressed HIV-infected adults.
